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SAGE (serial analysis of gene expression) detects transcripts by extracting short tags from the transcripts. Because of the limited length, many
SAGE tags are shared by transcripts from different genes. Relying on sequence information in the general gene expression database has limited
power to solve this problem due to the highly heterogeneous nature of the deposited sequences. Considering that the complexity of gene
expression at a single tissue level should be much simpler than that in the general expression database, we reasoned that by restricting gene
expression to tissue level, the accuracy of gene annotation for the nonspecific SAGE tags should be significantly improved. To test the idea, we
developed a tissue-specific SAGE annotation database based on microarray data (www.basic.northwerstern.edu/SAGE). This database contains
microarray expression information represented as UniGene clusters for 73 normal human tissues and 18 cancer tissues and cell lines. The
nonspecific SAGE tag is first matched to the database by the same tissue type used by both SAGE and microarray analysis; then the multiple
UniGene clusters assigned to the nonspecific SAGE tag are searched in the database under the matched tissue type. The UniGene cluster presented
solely or at higher expression levels in the database is annotated to represent the specific gene for the nonspecific SAGE tags. The accuracy of
gene annotation by this database was largely confirmed by experimental data. Our study shows that microarray data provide a useful source for
annotating the nonspecific SAGE tags.
D 2005 Elsevier Inc. All rights reserved.Keywords: Gene annotation; Microarray; Nonspecific SAGE tag; SAGEIntroduction
THE SAGE method (serial analysis of gene expression) has
been widely used for transcriptome analysis [1–3]. Over 15
million copies of SAGE tags of human origin have been
collected, constituting one of the largest human transcript col-
lections (http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=
gpl4). Exploring this rich resource should provide valuable
information for broad biological and medical studies.
An experimental SAGE tag is collected near the 3V end of a
transcript. The original transcript contributing the SAGE tag is
then annotated by searching the tag in a reference database that
contains virtual tags extracted from known transcripts. If the
experimental SAGE tag matches a virtual tag, the corres-0888-7543/$ - see front matter D 2005 Elsevier Inc. All rights reserved.
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transcript/gene for the experimental SAGE tag. Therefore, the
reference database plays a key role in annotating genes for
SAGE tags. When searching the reference database, however, a
significant number of individual SAGE tags can be assigned
with multiple genes [4]. These genes are not necessarily the
true gene origin for these SAGE tags, but are due largely to the
limited sequence length of SAGE tags and the highly
heterogeneous nature of transcript sequences in public data-
bases used for constructing SAGE reference databases. The
uncertainty of such annotation makes it difficult to determine
the correct gene for these nonspecific SAGE tags. Attempts
using computational and experimental approaches have been
made in order to solve this problem [5–7].
In this paper, we report an approach of using DNA
microarray data to annotate the nonspecific SAGE tag. We
reason that the complexity of transcripts expressed in a single
tissue type is simpler and more specific than that of transcript
sequences in general expression databases that are collected6) 173 – 180
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under different pathological conditions. Therefore, gene
expression data from a single tissue type might provide high
specificity to annotate the nonspecific SAGE tags collected
from the same tissue type. Tissue-specific gene expression has
been extensively analyzed by DNA microarray [8–11]. Using
microarray data, we developed a tissue-specific SAGE anno-
tation database for annotating the nonspecific SAGE tags.
Evaluation of this database shows a high level of accuracy for
annotating the nonspecific SAGE tags.
Results and discussion
Determination of the frequency of nonspecific SAGE tags in
SAGE data
To estimate the frequency of nonspecific SAGE tags in
current SAGE data, we analyzed two types of SAGE data;
one is the virtual SAGE tags included in the SAGEmap
database, and the other is the experimental SAGE tags
collected from various human tissues.
Virtual SAGE tags
The high degree of redundancy among transcribed
sequences deposited in the general expressed database
made it difficult to use these sequences directly for SAGE
tag annotation. UniGene automatically groups transcript
sequences in GenBank into a nonredundant set of clusters.
Each UniGene cluster contains multiple sequences that
potentially represent a unique gene. The SAGEmap
database with ‘‘SAGEmap full’’ and ‘‘SAGEmap reliable’’
subdatabases is constructed based on the UniGene data-
base. Through multiple computational steps with the
consideration of multiple factors including polyadenylation
signals, adenylation tail, and orientation of the sequences
included in each UniGene cluster, a 10-base tag is
extracted from a sequence following the 3V-most restriction
site (frequently using the NlaIII site CATG). The UniGene
cluster identifier for the sequence is then assigned to the
extracted SAGE tag. The whole extracted virtual SAGE
tags form the ‘‘SAGEmap full’’ database. Considering that
among the sequences used for virtual SAGE tag extraction,
the well-characterized mRNA/cDNA sequences provide
higher reliability than EST sequences, ‘‘SAGEmap reliable’’
was constructed by using SAGE tags extracted from the
high-quality sequences in the ‘‘SAGEmap full.’’ Although
‘‘SAGEmap reliable’’ provides more reliable information for
SAGE annotation, the scope of ‘‘SAGEmap reliable’’
covering the transcriptome is largely decreased compared
to the ‘‘SAGEmap full’’ database. Analysis of these two
types of virtual SAGE tags shows that, of the 437,049
virtual SAGE tags in the ‘‘SAGEmap full’’ subdatabase,
38.1% contain more than one UniGene cluster; of the
293,910 virtual SAGE tags in the ‘‘SAGEmap reliable’’
subdatabase, 12.7% contain more than one UniGene cluster
(Fig. 1A).Experimental SAGE tags
These were SAGE tags experimentally collected from
human tissues. From over 15 million copies of SAGE tags
collected from 248 SAGE libraries, we identified 609,224
unique SAGE tags. Mapping these unique SAGE tags to the
SAGEmap database shows that 330,005 have matches in the
‘‘SAGEmap full’’ and 277,187 have matches in ‘‘SAGEmap
reliable.’’ Of these matched tags, 43.7 and 13.2% are assigned
to more than one UniGene cluster by ‘‘SAGEmap full’’ and
‘‘SAGEmap reliable,’’ respectively (Fig. 1B). The results from
these analyses show the high frequency of nonspecific SAGE
tags in the SAGE data.
Development of the tissue-specific SAGE annotation database
Based on the microarray data [9,11], we constructed a
tissue-specific SAGE annotation database (http://www.basic.
northwestern.edu/SAGE/). The database contains gene ex-
pression information represented by 15,045 UniGene clusters
for each of the 73 normal human tissues and 18 human
cancer tissues or cell lines (Supplementary Table 1). The
database is first divided into a single tissue type, followed by
the UniGene clusters and their associated gene names
detected in each tissue type by microarray. To use the
database for SAGE tag annotation, a query nonspecific SAGE
tag defined by the SAGEmap database is searched for in the
UniGene cluster index identified by microarray in the same
tissue type. The outcome of the annotation is classified into
four categories: (i) unique annotation when only one
UniGene cluster is presented by microarray data; (ii) single
annotation when more than one UniGene cluster is presented
by microarray but the expression level from one UniGene
cluster is at least threefold higher than that of another
UniGene cluster(s); (iii) several annotations when more than
one UniGene cluster is presented by microarray but the
expression levels among each UniGene cluster are within
threefold; and (iv) negative annotation when no UniGene
cluster in the microarray data set is present for the UniGene
clusters of the query SAGE tag. The output of annotation
reports the query SAGE tag, Affymetrix microarray probe ID,
tissue type, ranking and score of the annotation, annotated
UniGene cluster ID, GenBank accession number of the
annotated gene, the full name, symbol, and Locus Link of
the annotated gene. The database can be used for online
analysis, and the whole database can also be downloaded for
local application.
Evaluation of annotation accuracy
Using SAGE data from ‘‘CD34+’’ hematopoietic cells [12],
we evaluated the accuracy of gene annotation by the tissue-
specific SAGE annotation database.
We matched the 42,401 CD34+ SAGE tags to the
‘‘SAGEmap full’’ database and identified 31,227 matched
SAGE tags, 18,264 of which are nonspecific SAGE tags
with more than one assigned UniGene cluster. We
Fig. 1. The frequency of SAGE tags shared by different UniGene clusters. (A) Virtual SAGE tags shared by different UniGene clusters in the ‘‘SAGEmap full’’ and
‘‘SAGEmap reliable’’ of the SAGEmap database. (B) Experimental SAGE tags shared by different UniGene clusters when matched to the SAGEmap database of
‘‘SAGEmap full’’ and ‘‘SAGEmap reliable.’’ Experimental SAGE tags collected from 248 SAGE libraries were used for the analysis. See text for detailed
description.
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annotation database under the tissue type ‘‘CD34+,’’ which
assigns specific genes for 16,503 (90%) of these nonspe-
cific SAGE tags (Table 1).
By using the GLGI method (generation of longer 3V cDNA
from SAGE tag for gene identification) [13], a SAGE tag can be
converted into its 3V cDNA form. With a longer sequence, the
gene origin for SAGE tag can be precisely determined. To
evaluate the accuracy of annotation, we used 54 3V cDNA
sequences converted from CD34+ nonspecific SAGE tags (28
previously converted and 26 newly converted). The results show
that 35 of the 56 annotations by the database are consistent with
the experimental data. When the top 4 UniGene clusters at the
high expression levels are included, 14 more annotations are
confirmed. Together, 90% (49/54) of SAGE tags are correctly
annotated by the database (Table 2). For example, SAGE tag
TGTGTTGAGA (SAGE tag No. 1 in Table 2) matches 9
UniGene clusters in ‘‘SAGEmap full.’’ A search in the SAGEannotation database under ‘‘CD34+’’ results in the identification
of a single UniGene cluster, Hs.439552. Therefore, Hs.439552
(EEF1A1) is annotated for this SAGE tag identified in CD34+
cells. As another example, SAGE tag CCTAGCTGGA (SAGE
tag No. 19 in Table 2) matches 10 UniGene clusters in
‘‘SAGEmap full’’; 8 of these UniGene clusters are present in
the SAGE annotation database under ‘‘CD34+.’’ Of these
8 clusters, 3 are from different probes of the same UniGene
cluster, Hs.356331. All 3 of these probes provide consistent
results with expression levels that are over 20-fold higher than
those of other clusters. Therefore, Hs.356331 (PPIA gene) is
annotated for tag CCTAGCTGGA identified in CD34+ cells
(Fig. 2A).
The tissue-specific SAGE annotation database can also be used
to narrowdown the number of candidate genes from a large number
of candidates. For example, SAGE tag CCTGTAATCC (SAGE tag
No. 49 in Table 2) matches 1197 UniGene clusters in the
‘‘SAGEmap full’’ database. Although 643 of these UniGene
Table 1
Annotation for nonspecific SAGE tags from CD34+ cells
Classification
of annotation
Number of
nonspecific
SAGE tags
Unique 5946 (33)
Single 4925 (27)
Several 5632 (31)
Negative 1761 (10)
Total 18,264 (100)
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high-level expression (Fig. 2B). Experimental results confirm that
Hs.386384 (EEF1G) is the correct gene for this SAGE tag
identified in the ‘‘CD34+’’ cells. We also performed a similar
analysis on 48 nonspecific SAGE tags collected from human
myeloid cells and observed 81% (39 of 48) accuracy for the
annotation (data not shown).
Annotation of nonspecific SAGE tags under similar tissue types
When using the tissue-specific SAGE annotation database,
selecting the same tissue type used by both microarray and
SAGE should provide the closest annotation. However, in
situations where the exact tissue type used in SAGE is not
included in the database, a closely related tissue type could be
used for the annotation, as a common set of genes might be
expressed between these tissue types. Tissue selections can be
made based on common developmental origins of endoderm,
mesoderm, or ectoderm. Using the experimentally confirmed 35
CD34+ SAGE tags (Nos. 1 to 35 in Table 2), we compared the
annotations under ‘‘Whole blood,’’ which originates from
endoderm as CD34+ cells, ‘‘Skin,’’ which originates from
mesoderm, and ‘‘Lung,’’ which originates from ectoderm. The
results show that the annotated genes under ‘‘Whole blood’’ are
closer to these under ‘‘CD34+’’ than those under ‘‘Skin’’ and
‘‘Lung’’ (Table 3). For the inconsistent annotations, these could
be either the genes that are not present in other tissues (tissue-
specific gene expression) or different genes sharing the same
SAGE tags that are expressed in different tissues. The latter
further confirms that the same SAGE tag shared by different
genes can be distinguished by the database.
Annotation of nonspecific SAGE tags from cancer tissues
Many SAGE tags are collected from pathological tissues such
as cancer tissues. Although these pathological tissues are of the
same tissue type as the normal counterpart, different genes
sharing the same SAGE tagmay be differentially expressed from
the same tissue type under normal versus pathological condi-
tions. We investigated this issue using SAGE tags from ‘‘normal
liver.’’ There are 4867 nonspecific SAGE tags in the normal liver
SAGE library (No. GSM785; http://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSM785). Whereas 77% of the annotations
are the same for these SAGE tags under ‘‘normal liver’’ and
‘‘cancer liver’’ in the database, 23% are different. In order to
provide more accurate annotation for SAGE tags collectedfrom cancer tissues, we include the expression data from 12
major cancer tissues in the database.
Comparison between the SAGEmap database and the
tissue-specific SAGE annotation database
Besides annotating the nonspecific SAGE tags, the tissue-
specific SAGE annotation database also provides information
for the specific SAGE tags. Therefore, the database could be
used to confirm the annotation by the SAGEmap database. We
tested this possibility using the CD34+ SAGE tag set. For the
21,963 ‘‘CD34+’’ SAGE tags that are assigned a single UniGene
cluster by the ‘‘SAGEmap full’’ database, 79% are consistently
predicted by the tissue-specific SAGE annotation database
under ‘‘CD34+.’’ For the different annotations made between
these two databases, those made by the tissue-specific SAGE
annotation database are likely to be closer to the real gene origin
for these SAGE tags than those made by the SAGEmap
database.
SAGE and microarray are the two major techniques
currently used for genome-scale transcriptome study. One of
the major differences between these two techniques is that
microarray is a closed system and SAGE is an open system for
gene expression analysis. Microarray requires known gene
information for probe design; therefore, it can detect only genes
that are already known. Because the probes are from known
genes, however, microarray provides solid evidence for the
known genes expressed in the analyzed tissues. Many types
of human tissues have been analyzed by microarray, which
provides rich information for gene expression in a tissue-
specific manner. SAGE detects both known and unknown
transcripts. Therefore, SAGE provides a far wider scope than
microarray to cover the gene expression in the analyzed
tissues. However, SAGE provides only short tag information
for the detected transcripts. One of several challenges for
exploring SAGE information is the determination of gene
origin for the nonspecific SAGE tags. Our study shows that
tissue-specific microarray data provide a useful resource to
annotate the nonspecific SAGE tags. Using this approach,
we can annotate specific genes for thousands of nonspecific
SAGE tags with a high degree of accuracy. With the
increasing availabilities of more microarray data in the
public domains, more tissue-specific expression information
can be integrated into the tissue-specific SAGE annotation
database.
Considering that the nonspecificity issue also exists for other
types of tags, such as MPSS tags [14], LongSAGE tags [15], 5V
CAGE tags [16], and 5V–3VGIS tags [17], the approach used in
this study could also be applied to annotate these types of tags.
Materials and methodsIdentification of SAGE tags shared by multiple genes
The virtual SAGE tags with assigned UniGene clusters were down-
loaded from the SAGEmap database ‘‘SAGEmap full’’ and ‘‘SAGEmap
reliable’’ (human, NlaIII, build 185, http://www.ncbi.nlm.nih.gov/SAGE/
Table 2
Experimental confirmation of annotation for nonspecific SAGE tags collected from CD34+ cells
No. Nonspecific SAGE tags Annotation 3V cDNA result Confirm
Tag Count No. UniGene ID UniGene Symbol GenBank ID UniGene Symbol
1 TGTGTTGAGA 1711 9 Hs.439552 EEF1A1 X03558 Hs.439552 EEF1A1 Yes
2 TGGGCAAAGC 377 4 Hs.256184 EEF1G BG222874 Hs.256184 EEF1G Yes
3 GCTCCCCTTT 126 3 Hs.458272 MPO AV736453 Hs.458272 MPO Yes
4 AAGGTGGAGG 118 9 Hs.337766 RPL18A BG056715 Hs.501739 RPL18A Yes
5 TGTAATCAAT 117 2 Hs.356721 HNRPA1 BG655713 Hs.356721 HNRPA1 Yes
6 TCACAAGCAA 109 5 Hs.32916 NACA BG271651 Hs.32916 NACA Yes
7 GGGCATCTCT 102 4 Hs.409805 HLA-DRA AU157203 Hs.409805 HLA-DRA Yes
8 GTTCGTGCCA 96 4 Hs.289093 RPL35A BG236685 Hs.289093 RPL35A Yes
9 CTCATAGCAG 84 2 Hs.374596 TPT1 BG654607 Hs.374596 TPT1 Yes
10 AAAAGAAACT 76 6 Hs.387804 PABPC1 BG744897 Hs.387804 PABPC1 Yes
11 GCTTTATTTG 75 4 Hs.426930 ACTB AA554747 Hs.426930 ACTB Yes
12 GCCTTCCAAT 74 3 Hs.279806 DDX5 BF941985 Hs.279806 DDX5 Yes
13 TACCATCAAT 72 12 Hs.169476 GAPD BG370213 Hs.169476 GAPD Yes
14 GTCTGGGGCT 63 6 Hs.406504 TAGLN2 BF591438 Hs.406504 TAGLN2 Yes
15 ATTTGTCCCA 61 2 Hs.57301 HMGA1 AU160425 Hs.57301 HMGA1 Yes
16 TCTGCTAAAG 58 4 Hs.434102 HMGB1 BF434300 Hs.434102 HMGB1 Yes
17 TGTACCTGTA 58 3 Hs.446608 K-ALPHA-1 BG222897 Hs.446608 K-ALPHA-1 Yes
18 GTTCCCTGGC 55 3 Hs.387208 FAU BG271519 Hs.387208 FAU Yes
19 CCTAGCTGGA 50 10 Hs.356331 PPIA BG655492 Hs.356331 PPIA Yes
20 TTGGCTTTTC 50 7 Hs.502564 N2N BF475411 Hs.502564 N2N Yes
21 ATCAGTGGCT 23 3 Hs.89545 PSMB4 AA365853 Hs.89545 PSMB4 Yes
22 GAAACTGAAC 18 8 Hs.240321 N/A AL390173 Hs.240321 N/A Yes
23 TACTAGTCCT 18 2 Hs.446579 HSPCA CA448560 Hs.446579 HSPCA Yes
24 GTACCCGGAC 11 2 Hs.333414 MGC14151 AA918960 Hs.333414 MGC14151 Yes
25 AAAAAAATCA 11 8 Hs.371003 PLAC8 BM782641 Hs.371003 PLAC8 Yes
26 GAAAGGATTT 10 2 Hs.84318 RPA1 AI695168 Hs.84318 RPA1 Yes
27 CCATTCTCCT 10 56 Hs.374588 RPL17 BQ723378 Hs.374588 RPL17 Yes
28 TCCTCCCTCC 7 2 Hs.432607 PSMB2 T46947 Hs.432607 PSMB2 Yes
29 TGTAAAGATT 6 2 Hs.4859 CCNL1 AI560616 Hs.4859 CCNL1 Yes
30 GACAAAAAGT 6 3 Hs.321390 CUGBP1 AL037755 Hs.321390 CUGBP1 Yes
31 TGTCCTGGTT 4 3 Hs.289063 C8orf20 AA523007 Hs.289063 C8orf20 Yes
32 CTGTTTATGA 4 2 Hs.110713 DEK AA573167 Hs.110713 DEK Yes
33 AATTCCCTTT 4 4 Hs.253536 TOP1 R31194 Hs.253536 TOP1 Yes
34 GTTGGGACAT 3 2 Hs.9663 PDCD6IP BG150832 Hs.9663 PDCD6IP Yes
35 TTCCCCTTCC 3 7 Hs.444058 SRPR AA694366 Hs.444058 SRPR Yes
36 GGCTTTACCC 51 5 Hs.78771 PGK1 BF432256 Hs.310621 EIF5A 2nd
37 GGGGAAATCG 17 3 Hs.186350 RPL4 CN432088 Hs.446574 TMSB10 2nd
38 AGGATGACCC 15 4 Hs.75432 IMPDH2 AI424071 Hs.333418 FXYD5 2nd
39 ACTCAGAAGA 11 4 Hs.405590 EIF3S6 AJ573946 Hs.27262 NDUFB2 2nd
40 GGGGGAATTT 11 5 Hs.380973 SUMO2 CD364637 Hs.307544 HNRPK 2nd
41 CTGGCGCCGA 8 3 Hs.292738 ARHGDIB BG830367 Hs.500798 ANAPC11 2nd
42 ACTTGCGAAT 8 2 Hs.12482 GNPAT AA991741 Hs.247186 FBS1 2nd
43 TCGAAGAACC 4 5 Hs.74497 NSEP1 CF129674 Hs.445570 CD63 2nd
44 ACTTGGAGCC 3 2 Hs.55682 EIF3S7 AA310694 Hs.282410 CALM1 2nd
45 AAATTAAAAC 3 3 Hs.436803 VBP1 AA195697 Hs.147159 RNF103 2nd
46 GTGCACTGAG 45 5 Hs.77961 HLA-B D32129 Hs.181244 HLA-A 3rd
47 TTTCCTTTGC 3 5 Hs.112499 BZRAP1 AW440038 Hs.13467 STARD3NL 3rd
48 ATGACAGATG 18 3 Hs.377199 ST13 AI190863 Hs.13775 HOP 3rd
49 CCTGTAATCC 516 1197 Hs.386384 RPS23 AK025503 Hs.256184 EEF1G 4th
50 GTGAAACCCC 471 861 Hs.32916 NACA AI246594 Hs.356820 Too many No
51 CCACTGCACT 331 369 Hs.289093 RPL35A BE205895 Hs.293521 Too many No
52 ATTGTTTATG 127 6 Hs.80545 RPL37 BF593317 Hs.510835 Too many No
53 GCGAAACCCC 68 108 Hs.256697 HINT1 AI079278 Hs.66309 MGC11061 No
54 CCTGTAATCT 53 83 Hs.381099 LCP1 BF515942 Hs.7972 RIPX No
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from Gene Expression Omnibus (GEO) SAGE libraries (http://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=gpl4). The SAGE tags from
each library were pooled to generate a unique SAGE tag set. Each unique
SAGE tag was matched to ‘‘SAGEmap full’’ and ‘‘SAGEmap reliable’’ in
the SAGEmap database to collect its assigned UniGene cluster(s). For both
virtual SAGE tags and experimental SAGE tags, different UniGene clustersassigned to the same SAGE tag were used as the indication for the
nonspecific SAGE tags.
DNA microarray data
A systematic microarray study of gene expression in human tissues was
reported [11] (http://symatlas.gnf.org), and the data were integrated into the
Fig. 2. Annotation for SAGE tags shared by multiple UniGene clusters. (A) Annotation for SAGE tag CCTAGCTGGA collected from CD34+ cells. ‘‘SAGEmap
full’’ assigned 10 UniGene clusters to this SAGE tag. Although 8 of the 10 UniGene clusters are present in the tissue-specific SAGE annotation database under the
tissue type ‘‘CD34+,’’ three probes from the UniGene cluster Hs. 356331 have the highest expressed levels. (B) Annotation for SAGE tag CCTGTAATCC.
‘‘SAGEmap full’’ assigned 1197 UniGene clusters to this SAGE tag. Although 643 of the 1197 clusters are present in the tissue-specific SAGE annotation database
under the tissue type ‘‘CD34+,’’ only 5 clusters are at high-level expression. Experiment confirmed that the No. 4 UniGene cluster is the correct one. See text for
detailed description.
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expression (http://genome.ucsc.edu/). The data set covered 73 normal tissue
types and 6 cancerous tissue types or cell lines. Each tissue was
represented by two replicates of pooled RNA samples. The expression
information was collected by using the combination of Affymetrix HG-
U133A array and a custom array designed to detect additional transcripts
based mainly on in silico predictions. Raw microarray image (.CEL) data
were processed using Microarray Suite 5.0 (MAS 5.0) software to produce
expression score ‘‘signal’’ and detection P value. From probe annotation
files downloaded from the Affymetrix website (http://www.affymetrix.com),
we extracted the GenBank accession number for the sequences used for
probe design. The GenBank accession numbers are used to search the
UniGene database (Build No. 185) to determine their corresponding
UniGene Clusters. We linked 22,283 probes to the HG-U133A array and
to 13,263 UniGene clusters. For the custom array, we performed BLAST
against the UniGene database and identified 2782 UniGene clusters for 3606
probes under the cutoff E value of 11050. In addition, we incorporated
microarray data from 12 common cancer tissues collected by an Affymetrix
HG-U95 array [9] that contains 7438 UniGene clusters for 12,532 probes.
Together, we identified 15,045 nonredundant UniGene clusters for 23,172
unique probes from the microarray data covering 91 human tissue and cell
types.Construction of the tissue-specific annotation database
The tissue-specific SAGE annotation database was constructed by using
the following steps.(i) Calibration of DNA microarray data. The averaged
expression score from two replicates of microarray experiments was applied
to determine the genes expressed in each tissue type. For genes represented
by more than one probe, all probe information was included to enhance
specificity. (ii) Identification of SAGE tags matched to multiple UniGene
clusters in the SAGEmap database under ‘‘SAGEmap full’’ or ‘‘SAGEmap
reliable’’ subdatabases. (iii) Ranking the UniGene clusters. The UniGene
clusters in the database matched by the same SAGE tag were ranked
according to their expression levels in the microarray data. Assuming that
the expression level indicated by the microarray data represents the true
transcript abundance and that the collection of SAGE tags is a random
sampling of these transcripts, we could speculate that the highly expressed
genes are more likely to be the contributors of the tags. A probability score
was calculated for each UniGene cluster by dividing its expression level by
the sum of expression levels of all clusters matching the same tag.
Supposing that there are N clusters matching the same tag and that gi(i = 1. . .N)
is the expression score of the i-th cluster, the probability score pi for the
i-th cluster is calculated by: pi ¼ gi=~
N
1
gj. (iv) The predictions for 91
types of tissues and cell lines were incorporated into a MySQL database and
Table 3
Annotation for nonspecific CD34+ SAGE tags under different tissue typesa
No. CD34 SAGE tags Annotation under different tissue types
CD34+ (mesoderm) Whole blood (mesoderm) Skin (ectoderm) Lung (endoderm)
Cluster Cluster As in CD34+ Cluster As in CD34+ Cluster As in CD34+
1 TGTGTTGAGA Hs.439552 Hs.439552 Yes Hs.439552 Yes Hs.275865 No
2 TGGGCAAAGC Hs.256184 Hs.256184 Yes Hs.256184 Yes Hs.256184 Yes
3 AAGGTGGAGG Hs.337766 Hs.337766 Yes Hs.337766 Yes Hs.337766 Yes
4 TGTAATCAAT Hs.356721 Hs.356721 Yes Hs.356721 Yes Hs.356721 Yes
5 GGGCATCTCT Hs.409805 Hs.409805 Yes Hs.409805 Yes Hs.409805 Yes
6 GTTCGTGCCA Hs.289093 Hs.289093 Yes Hs.289093 Yes Hs.195464 No
7 CTCATAGCAG Hs.374596 Hs.374596 Yes Hs.374596 Yes Hs.374596 Yes
8 AAAAGAAACT Hs.387804 Hs.387804 Yes Hs.387804 Yes Hs.387804 Yes
9 GCTTTATTTG Hs.426930 Hs.426930 Yes Hs.426930 Yes Hs.426930 Yes
10 GCCTTCCAAT Hs.279806 Hs.279806 Yes Hs.279806 Yes Hs.405860 No
11 TACCATCAAT Hs.169476 Hs.169476 Yes Hs.169476 Yes Hs.169476 Yes
12 GTCTGGGGCT Hs.406504 Hs.406504 Yes Hs.8203 No Hs.406504 Yes
13 ATTTGTCCCA Hs.57301 Hs.57301 Yes Negative Negative Negative Negative
14 TCTGCTAAAG Hs.434102 Hs.434102 Yes Hs.434102 Yes Hs.434102 Yes
15 TGTACCTGTA Hs.446608 Hs.446608 Yes Hs.446608 Yes Hs.446608 Yes
16 GTTCCCTGGC Hs.387208 Hs.387208 Yes Hs.387208 Yes Hs.387208 Yes
17 CCTAGCTGGA Hs.356331 Hs.356331 Yes Hs.356331 Yes Hs.356331 Yes
18 TTGGCTTTTC Hs.502564 Hs.502564 Yes Hs.502564 Yes Hs.502564 Yes
19 ATCAGTGGCT Hs.89545 Hs.89545 Yes Hs.89545 Yes Hs.89545 Yes
20 TACTAGTCCT Hs.446579 Hs.446579 Yes Hs.446579 Yes Hs.247817 No
21 AAAAAAATCA Hs.371003 Hs.371003 Yes Hs.342874 No Hs.371003 Yes
22 GTACCCGGAC Hs.333414 Hs.333414 Yes Hs.303775 No Hs.333414 Yes
23 CCATTCTCCT Hs.374588 Hs.374588 Yes Hs.374588 Yes Hs.240013 No
24 GAAAGGATTT Hs.84318 Hs.84318 Yes Negative Negative Hs.230767 No
25 TCCTCCCTCC Hs.432607 Hs.432607 Yes Hs.356123 No Hs.432607 Yes
26 TGTAAAGATT Hs.4859 Hs.4859 Yes Hs.4859 Yes Hs.394609 No
27 CTGTTTATGA Hs.110713 Hs.110713 Yes Hs.42644 No Hs.42644 No
28 TGTCCTGGTT Hs.289063 Hs.289063 Yes Negative Negative Hs.370771 No
29 GTTGGGACAT Hs.9663 Hs.9663 Yes Hs.208641 No Hs.208641 No
30 TCACAAGCAA Hs.32916 Hs.77961 No Hs.77961 No Hs.77961 No
31 GAAACTGAAC Hs.240321 Hs.35052 No Hs.240321 Yes Hs.35052 No
32 GACAAAAAGT Hs.321390 Hs.403997 No Hs.321390 Yes Hs.403997 No
33 AATTCCCTTT Hs.253536 Hs.392837 No Hs.253536 Yes Hs.70327 No
34 TTCCCCTTCC Hs.444058 Hs.366 No Hs.366 No Hs.366 No
35 GCTCCCCTTT Hs.458272 Negative Negative Negative Negative Negative Negative
Total (%) 35(100) 29(83) 23(66) 18(51)
a ‘‘Negative’’ refers to no expression detected by microarray in this tissue. ‘‘No’’ refers to the different genes annotated under this tissue and CD34+.
X. Ge et al. / Genomics 87 (2006) 173–180 179a Perl script was constructed to allow an online query of this database
(http://www.basic.northwestern.edu/SAGE/).
Experimental confirmation of the annotated genes
The human CD34+ hematopoietic cell SAGE library was downloaded
[12] (http://www.ncbi.nlm.nih.gov/projects/geo/query/acc.cgi?acc=GSE2346).
The existing and new 3V cDNA sequences that were converted from
SAGE tags by using the GLGI method were applied to confirm the
annotation [7]. In the GLGI reaction, a SAGE tag was used as the sense
primer, the tail sequence located at the 3V end of cDNA incorporated
during cDNA synthesis was used as the antisense primer, and the CD34+
cDNA was used as the template for PCR amplification. The amplified 3V
cDNA was cloned and sequenced, and the corresponding UniGene
clusters were determined by BLAST against the UniGene database.Acknowledgments
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